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Abstract
The γ-ray light curves and spectra are presented for a set of theoretical Type Ia
supernova models including deflagration, detonation, delayed detonation, and
pulsating delayed detonations of Chandrasekhar mass white dwarfs as well as
merger scenarios that may involve more than the Chandrasekhar mass and he-
lium detonations of sub-Chandrasekhar mass white dwarfs. The results have
been obtained with a Monte Carlo radiation transport scheme which takes into
account all relevant γ-transitions and interaction processes. The result is a set of
accurate line proles which are characteristic of the initial 56Ni-mass distribution
of the supernova models. The γ-rays probe the isotopic rather than just the ele-
mental distribution of the radioactive elements in the ejecta. Details of the line
proles including the line width, shift with respect to the rest frame, and line
ratios are discussed With sucient energy and temporal resolution dierent
Whereas the current generation of γ-ray detectors will allow the study of super-
novae which are discovered by other means, a new generation of proposed γ-ray
detectors with sensitivity of about 10−6 photons sec−1 cm−2 would generate the
opportunity to discover supernovae by their γ-ray emission up to a distance of 
100 Mpc. This would allow a systematic study of the variety of SNe Ia in terms
of their γ-ray properties, independent of their optical properties. In addition,
since γ-rays are not obscured by the host galaxy, such experiments would, for the
rst time, provide absolute supernova rates. Relative rates as a function of the
morphology of and position in the host galaxy could be studied directly.
Subject headings: Supernovae and supernovae remnants: general { gamma rays
1. Introduction
Type Ia Supernovae (SNe Ia) are among the most spectacular explosive events.
They are major contributors to the production of heavy elements and hence a
critical component for understanding the life cycles of matter in the Universe
and the chemical evolution of galaxies. While much progress has been made on
understanding the underlying physics of the thermonuclear explosion (Khokhlov,
Oran and Wheeler 1997ab; Niemeyer & Woosley 1997), the basic processes re-
quire further elucidation and testing and the progenitor evolution is still a deep
mystery (Wheeler 1996). The great brightness of SNe Ia has made them a valu-
able tool for the measurement of extragalactic distances (Freedman et al. 1994)
and to determine the shape of the Universe (Perlmutter et al. 1995, Schmidt
et al. 1997). The absolute brightness must be known either by using other dis-
tance calibrators (Hamuy et al. 1996, Ries, Press, & Kirshner 1996, Sandage &
Tammann 1996) or theoretical models for the light curves and spectra (Ho¨flich
1995, Ho¨flich & Khokhlov 1996, HK96 hereafter). A detailed physical understanding of SNe Ia is
important for its own sake. In addition, such a physical understanding is necessary to constrain
systematic errors when using them at high redshifts to determine the deceleration parameter
qo and other cosmological parameters. Evolutionary eects on the progenitor population, for
instance the initial IMF and the metallicity, are expected to produce systematic errors (Ho¨flich
et al. 1997).
It is widely accepted that SNe Ia are thermonuclear explosions of carbon-oxygen white dwarfs;
however, rather dierent progenitor models are under discussion. Three main scenarios can be
distinguished. The rst group consists of carbon-oxygen white dwarfs with a mass close to the
Chandrasekhar mass which accrete mass through Roche-lobe overflow from an an unevolved
(CV-like) or evolved companion star. In these accretion models, the explosion is triggered by
compressional heating. From the theoretical standpoint, the key questions are the condition
under which the thermonuclear explosion starts and how the flame propagates through the white
dwarf. The ignition and propagation may be aected by the rotation and mass accretion rate
of the white dwarf which will in turn be aected by the metallicity, age, and population of the
progenitor system. The second group of progenitor models consists of two low-mass white dwarfs
in a close orbit which decays due to the emission of gravitational radiation. This eventually leads
to the merging of the two white dwarfs. In this scenario, the total mass of the merged object
may exceed the Chandrasekhar mass and rotation may play an especially signicant role. A third
class of models are those involving helium detonations, i.e. double detonation of a C/O-white
dwarf triggered by the detonation of an outer helium layer in low-mass white dwarfs.
Each of these scenarios will have dierent implications for the resulting supernova statistics,
the evolutionary ages of the progenitor systems and for chemical evolution of galaxies and the
